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Scientific Report

Research Problem

Recent evidence fram our laboratory indicates that lymphokines
(LK), which are produced by the spleen during rodent malaria
infections stimilate normal, resident macrophages to bind and ingest
"and to kill intraerythrocytic malaria parasites in vitro (1, 2).

The killing of the intraerythrocytic parasites occours across a
0.45 um membrane and appears to be mediated by H,O, secreted by
the macrophages (2). Killing is enhanced by a c stiumulus
to the activated macrophages (2). Human gamma-IFN (Genentech, Inc.)
can activate human monocyte-derived macrophades to kill P. falciparum
(3) amd preliminary evidence suggests that IK abtained from
malaria-infected mice also contain gamma-IFN (Ockenhouse, C. F.,
Spitalny, G. and Shear, H.L., in preparation).

We hypothesize that the mtraex?throcytm killing of malaria
paras:.tesbymcrqhagw is an important effector mechanism in this
disease. The purpose of these studies is to determine whether this

is so by determining the role of mcrophage—nedlated
intraerythrocytic parasite killing in several in ;m models.

Background

Much evidence is accumilating to indicate that cell-mediated
- immune responses are very important in the respase.to same species
of malaria (4) ard may play an important part in the resistance of

. vaccinated mice. However, the actual mechanisms whereby
cell-mediated responses protect against malaria are not known.

‘The overwhelming evidence supports the concept that activated
macrophages are involved in controlling several infections such as
leishmania tropica (5), Rickettsia akari (6), and Trypanosome cruzi
(7) ; that they are cytotoxm to tumer- cells (8), and finally that
they may be involved in vaccine-induced immumnity.

We have been studying macrophage activation during rodent
malaria {7) and the effects of macrophages activated with other
stimilants on malaria-infected erythrocytes (1). Briefly, we have
found that sple=n cells of mice infected with BOG or malaria, T
produced factors or lymphokines (1K) which stimulated normal mouse
' peritcneal macrophages for enhanced phagocytosis of parasitized
arythrocytes (1) and for killing of parasitized erythrocytes (2).
We have also found that fresh monocytes or LK-stimulated,
menocyte~derived macrophages were active in inhibiting the
mltiplication of P. falciparm (3). In both systems HA04 seemed

* to be the active molecule. Killing was cbserved after para51t1zed
arythrocytes baurd to monocytes and was associated with an oxidative
irst in the monocytes.. After the interaction, the parasitized
arythrocytes arpeared to be degereraiing ant locked like the
~revicusly describec "crisis® forms (10).




Or results confirm and extend several other findings.
Taliaferro and Carnon (24} cbserved that upon acquisition of
immmity in monkeys infected with malaria, some intraerythrocytic
parasites sppear to degenerate within the erythrocytes. This finding
implied that scluble mediators might affect malarial parasites. That
such mediators might be secretsd by macrophages was first suggested
by Allison and Clark (11). Mice treated with BOG are protected
against palaria and the mechanism suggested was that parasites are
killed by products of activated macrophages. Sinocs then, other
parasiticidal factors have alsc been shown to have an effect on
intraerythrocytic malaria parasites, namely, tumor necrosis factor
(12), interferon (12) &x a lipopolysaccharide-induced serum factor
(13). -

The concept that cxygen radicals might affect malaria parasites
was suggested by the cbeervations that injections of alloran (14) and
t-butyl hydroperoxide (15,16) into mice with P. vinckel (34, 16) or
P. yoelii (15) markedly reduces parasitemia. These compourds
genarate reactive oxygen intermediates and their activity can be
inhibited by iron~chelating agents such as desferricxamine and
diethylthiocarbemate. It is well known that malaria perasites are
sensitive to axidant stress. Cultures of P. falciparum grown in
G~6-FD deficient erythrocytes are inhibited under oxygen tension
(17). In addition, dilutions of H,0, as low as 10 arotmd.c
to P. yvelil and P. beruhel ip vitro and ip vivo (18).

Early studies of Langhorne et al. (19) imlicated that
incubation of splesn cells from infectad monkeys with parasitized
erythrocytes reduced their ability to miltiply.' later, Taverns et al’.
(20) demonstratod the killing of P. yoalij by ocells of the
monocyte-macrophage veries. mmtmmumammt
fresh blood monocytes or peritoneal cells activated by incubation
with lyrph node cells of immmized mice wers more effective than
normal peritoneal cells. Qm*txﬂimdxwﬂntﬂzozpmdnad
upon an axidative burst in activated macrophages, is lethally

damaging to P. yoelii and P. falciparum. DBecause these stirlies
suggest an important protective mechanism in malaria, we feel that
further studies in animal models to determine the in 7ivo relevance
of this mechanizm are warrantaed.

Aporoach

We will apmmdxthisbytzyimtoamw&tmmllwim
questions:. , :

1. Are there differences between lethal znd non—lethal rodent
maiaria infections in:

a) the nature of ths lymxokm (LK) which sti:mlatues
macrophage-mediated kiiling?

B} the ability of splenic and peritoneal macrophages from
lethal and no-lethal infections to kill malaria parasites, secrete
1,04 and reduce nitroblue tetrazolium (NET), over the course of
the infection? o
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c) thaabilityotimmesenmﬁmeadxinfectimtoe:mnce
cytotaxicity?

2. a) Arettmdifferanesbebaemmlaria—msoeptible and
resistant mice in their ability to produce macrophage-activating JK
crinﬂnabﬂityofﬂzeirmqhageatorespaﬂtom, secrete
H,0, or reduce NET?

b) Amﬂmdiffuammﬂwmrm-respaﬂermxse,
C3H/HeJ and responder mouse (?Mieﬂ in the course of malaria
infectimmﬂmﬂnabilityo_ macxrophages to respornd to
mhrialll(oraseccnisigmlswhasmsmmkillparasmesm
vitro?

3. Istheactivefactm-mﬂxemdmtmlarialx, gamma-IFN
orm'ntlnrqtddm?

Results

Qn'fnstd:jectivemstodatermimmmert}mewasa ‘
difference in the ability of macrocphages from mice infected with

lethal and non-lethal Plasmodium yoelij infection to produce
H,0,, reduce NBT and mediate cytotoxicity. . .

1. H202 release stidies.

'Bntmtseriesofexperimtswaspertomedmfemaleﬂmice-
6~10 weeks old. Animals were infected with 10,000 infected
erythrocytes. At several time points, mice were sacrificed, the
peritoneal cavity rinsed, amd peritoneal cells assayed for H,0,
release after triggering with PMA.

Our results (Fig. 1) showed that peritoneal macrophases from
mice infected with the nom-lethal strain begin to produce increaced
ievels 'of. H,0, at approximately day 4 of infection. Peak amounts




of H,0, are prodixed by approximately day 9 and then the ievels
decl as parasitemia declines. In contrast, macrophages cbtained
from mice infected with the lethal strain of P. mludidm"srm
an increase in H,0, production until day 7.

Similar results were cbtained in inbred mice. In Balb/c mice
which are sensitive to malaria infection, higher levels of H,O
mrepmdwedbyperitonealm‘spmggsfrmmiminfectedwnﬁ
non-lethal P. yoelii (0.98 u moles 10° macrophages on day 4 -
campared with 0.2 u moles on day 3 in the lethal infaction) (Fig.
2).. Experiments are in progress to determine the response of more
resistant mice to lethal and non-lethal P. voelii.

2. Cytotoxddcity Studies.

Studies on the ability of macrophages from mice infected with
lethal and non~lethal P. yoelij to kill intraerythrocytic parasites
have yielded i.ntemsting results. ‘

Using an antibody-deperdent cell mediated cytotoxity assay

(ADCC) we determined the ability of spleen cells from SW mice
ected with either lethal or non-letl.al P. yoelil to lyse

labuled mouse erythrocytes sensitized with IgG. Fiqure 3
campares ADCC in mice infected for 4 days with either the lethal or
the non~lethal strain of P. mglu Significantly more lysis was
cbtained with spleen cells from mice infected with the non-lethal
variant (Stear, H. L., in preparation). This finding will be pursued
by determining H,0, levels msplenicmcrqhaqescmrimeadxof
these infections. We hzave recently found that the levels of H,0,
produced by spleen cells during the lethal infection is much lower
than levels produced by peritoneal cells. Experiments are in
progress t campare splenic cells during the no-lethal infection.

We also performed experiments to determine whether parasitized
erythrocytes would be lysed by ADCC. 1In several experiments, P.
berahej-infected erythrocytes could not be lysed by activated
peritoneal or splsan macrophages, even after presensitizing the
infected ocalls with hyperimmme serum. In addition, P.
chabaudi-infected erychrocytes, sensitized with either hyperimtme :
serum raised against P. chabaudi-infected erythrocyta membranes or a
monoclonal antibody agqainst a P. chabaudi erythrocyte membrane
antigen (21) were also not lysed by activated macrophages. However,
when P. berghej-infected erythrocytes were presensitized with rabbit
anti-mouse erythrocyte IgG, they were readily lysed. o

3. Studies on C3H/HeJ and C,/CaJ mice.

Wehavecbeervedthatthecam;eofg. yoelil non-let!.al
infection is consistantly alightly lower in C3H/OuJ (LFS responders)
than in H/HaeJ (LPS non-responders) male mice. Further, the
H,0, levels nroduced by the C2H/QWT strain are higher in the
iy phase of infection in praliminary vtx:dies. '
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our studies to date imdicate that.
in the macrorhage response to lethal and

are indeed differences
lethal P. yoelii

infections. In SW mice, peritoneal macrophages produce an earlier

and higher
lethal infectiun. Studies are in progress

O, during the non-lethal infection than during the

to crpare the H,0,

response of splenic macrophages during these infections.

The results cbtained in SW mice were
mice which is sensitive to malaria infecti
macrophages from ndce. infected with the
yoelii produced higher levels of H0, than
with the lethal strain. These experiments
in the more resistant CBA mice.

cytotoxicity) levels of spleen cells durin
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. to campare H,0, release from spleen cells
non~-lethal infections. ,
Experiments in C3H/OaJ and C3H/Hat
difference in cause of infection. Prelimi
therr is also a difference in H,0, release;
experiments confirm this finding this will

Balb/c mice infected
are alsc being carried out

and non-lethal
cell-mediated

Jethaiicand Gonciethal
will be performed
ing lethal and

small but consistant

studies indiate that
If further o

surport the data suggested

that higher H,0, release is associated with a less virulent

infection.

Recommednatjons.

Durindt the coming year we plan to
produced during lethal and non-lethal inf
resistant and sensitive mice.
which produces antibody against mouse
recambinant mouse garma interferon for use

yze the lymphokine' (LK)
ions and in malaria

We have ined the R4 hybridoma line

-interferon and

as a standard. We are

attempting to develop an assay for gamma IFN in IK and serum using
these reagents. :
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Xpendix

mmum
Prig. 1. mwbyperitamlmawmsvmice

auring 1 ard non-lethal P. yoelij infection. Points represent

the mean of 3 mice.0—¢ lethal, ,_. _onon-lethal, o-....o
control.

Fig. 2. released by peritoneal macropahges from Balb/c
nice Awring macrophagess fram Balb/c mice during lethal and
non-lethal P. yoelil infections. Points represent the mean of 3
nice. g9 lethal, o0— ~enon-lethsl, o----© control.

rig. 3. Anxinleﬂmlmﬂm-lcﬁmpmuj, Spleen cell .

amhnmamayadfahb&againgt labaledmmeEIgG
Target cells were resusperded to 5 x 10°/ml and effector cells to

ﬂni:ﬂicatadetfactartargetratio. Data represents the mean + S.D.

of triplicats wells.
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